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TECHNICAL DISCUSSION

Progress Report for Month of May, 1965

1.

Power Supply System

A discrete component breadboard version of the inverter

and output filter portion of the power supply has been

built and tested for various loading conditions. A

variable dc lab supply and a pulse‘generatdr were used

to simulate the dc regulator and oscillator/countdown |

circuit, respectively.
The Johnson counter has been built with SN530 flip flops.

The breadboard model was built with discrete Darlington
power transistors instead of a single power transistor and
integrated circuit driver after efficiency calculations

indicated this was the best approach.

Work has also begun on the regulator. From efficiency
considerations a "switching" regulator is deemed
necessary. One approach is in block diagram form and a
second straightforward technique is presently being

breadboarded.

Tentative specifications have been submitted to the
device design engineers on the power switches and the
integrated counters., Oscillator specifications have been
forwarded to two manufacturers of temperature compensated
crystal oscillators. Three suppliers (two outside and
one in-house) have been contacted on system packaging of

the three production units.



The inverter breadboard was tested with 0, 10%, 100% and
150% rated output with resistive loads and also ~ 150%
rated output at 50% lagging power factor. Preliminary

data indicates satisfactory operation in all instances.

Progress Report on Subsections

a. Circuit Design

The breadboard circuit as it now exists is shown in
Figures 1A and 1B. The dc power is supplied to the
power switches from a dc lab sapply. Also, the timing
pulses are obtained from a pulse generator and the
Johnson counter uses a manual reset button. Current
overload and voltage level sense transformers have

not yet been added to the output circuit. The dc
regulator has not been connected to the inverter but

has been tested with a resistive load.

b. Power Devices

Darlington power devices were compared to single
transistors with integrated drive circuits. As shown

in the Appendix, the Darlington offers the higher
efficiency. Losses in the drive circuit of the single
power device were greater than the increase in collector
‘losses of the Darlington over the single device. Also,
it is believed that the greater simplicity of Darlington
over single device/driver and circuitry will ultimately

result in higher reliability,

Efforts are directed toward building the power Darlington
transistors by the two methods shown in Figure 2. The
first process shown in Figure 2A makes use of two
discrete Darlington transistor wafers mounted on two
insulated collector tabs. By using the second process

as shown in Figure 2B, the two Darlington pairs will be



Ce

integrated into a single silicon chip. The two
transistors will be isolated by a film of silicon oxide
formed by the process shown in Figure 3. A wafer
design, similar to that used in building the 2N3836
Darlington transistor, has been chosen for use in

both approaches.

Transistors built by both methods will be evaluated
and the process yielding the best performance and
highest reliability will be selected for building

_transistors for the breadboard and final assemblies.

The design for fabricating devices using discrete wafers
is essentially complete and piece parts are on order.
The preliminary design for the integrated assembly is
approximately 40% complete.

Johnson Countdown Counter and Circuit

Tentative general specifications have been given to the
integrated circuit design engineer. Each output of the
Johnson counter should be capable of furnishing 2.5 ma
into a Darlington power device with a total maximum and
minimum VBE of 2.2 and 1.1 volts, respectively. The
output impedance of each flip flop should be high in
order to minimize the effects of variations in the

Darlington's V Also, the Johnson counter should

BE's"®
always lock into the proper sequence with no more than
two consecutive clock pulses upon starting or recover-

ing from some temporary malfunction.

Work during this reporting period on the single chip
circuiﬁs was confined, due to a lack of manpower, to
establishing circuit requirements and reviewing the
initial tentative specification for the integrated

circuits.
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Power Transformers

Figure 4 shows the power transformer data. A toroidal
core of rectangular hysteresis material was chosen
because of its high permeability. Supermendur, (trade
name of Magnetics, Inc.) the material being used, has
the highest saturation flux density available (~ 21

kilogauss).

In order to insure maximum reliability, these trans-
formers were designed so that under the worst case
conditions the maximum flux level would be less than

one-half of the residual flux density Br.

D,C. Regulator

In order to achieve the desired efficiency, it was
necessary to use a "switching"type dc regulator. The
fixed frequency, variable duty cycle approach will be
used for this application. The switching frequency of
4,8 KC is used since it is high enough to insure a
light weight filter and yet not so high as to make

switching losses appreciable. Also, a 4.8 KC signal

'is readily available from the countdown circuit.

Several versions of switching regulator overload control
are being considered. One approach would use constant
current limiting (i.e. for any overload in excess of
150% rated, output voltages would be reduced to limit
the excess current). The second approach (Figure 1B
and 5), which is the one presently being developed,
would use simple cut-out protection. If excessive
current were to flow in any leg of the three-phase
output, the regulator would have its switching signal
inhibited for a specific time (this inhibit time can
be determined by a one-shot "ON" time). At the end
of this time the switching signal would again be



applied, and as long as the overload would be present
the switching requlator would be cycled in and out of

the operate mode.
In the present state of the breadboard (Figure 1),
two low level dc supplies are used to simulate the

overload current and output voltage signals.

f. Output Filter

The three-phase output filter Shown in Figure 1A was
designed to have a break point at 8.5 times the
fundamental as suggested by Kernick, Roof and Hernrich.
The result was 4% distortion at 100% load (resistive),
and a no load distortion at 10%. The cores used were
Magnetics Incorporated Permalloy powdered iron temper-

ature stabilized cores.

g. Temperature Compensated Crystal Oscillator

Specifications have been submitted to two manufacturers.

The frequency requested is 2.4576 mc.

Kernick, A., J.L. Roof, T.M. Hernrich, "Static Inverter with
Neutralization of Harmonics, " AIEE Transactions (Communications
& ElectroniCS)’ May, 1962, PP. 59 - 68.




B Current Problems and Proposed Corrective Action

There have been no problems encountered to date.



Work to be Performed During Next Monthly Reporting Period

During the next reporting interval, work will continue towards
the goal of a complete fully functioning closed loop breadboard
model. Considerable effort will be expended on the regulator,
since its development lags behind other portions of the circuit
at this time. Emphasis will also be placed on ordering commer= -
cial parts such as transformers and filter cores, ac and dc

filter capacitors.

l. Power Switches .

The Darlington switch shown in Figure 1A will be replaced
with a 2N3836 type Darlington. This approach will bring

us one step closer to the fully integrated push-pull pair.
During June, the fabrication of a number of two-wafer
assemblies will begin. The design of the oxide-insulated
assembly will be completed during June and processing masks
will be ordered so that a group of sample devices can be
fabricated in July.

2. Countdown and Johnson Counter

Additional manpower is expected, which will be used to
initiate a detailed investigation of the type of circuits
required for this program, and on initiation of the actual
circuit design effort. A desirable feature will be to use
the same basic circuitry for both the Countdown array and
the Johnson Counter arrayr thus, both circuits will come

from the same slice.

3. Regulator

A differential amplifier will be required for the regulator
comparison element. Most integrated circuit types require
plus and minus voltages. An effort will be made to locate
commercial differential amplifiers which do not require a
negative voltage and/or to build oné by a lead pattern change
from an existing network.



Hopefully an integrated circuit version of the modified
one~shot can also be obtained and tested in the circuit

during the next reporting interval.

Three-Phase Filter

Work will continue on the filter in an effort to optimize
the size and filtering capabilities. Reducing the L/C-
ratio and lowering the corner frequency will be considered
in order to reduce the no load distortion. The presence
of a small fifth harmonic content (see Appendix) makes it
desirable to lower the corner frequency below 2 KC.



A.

B.

APPENDIX

Data - Preliminary Breadboard

Typical data taken with a resistive 25 fi/phase delta load:

Input dc voltage to inverter 20.8 volts
Inpﬁt dc current to inverter : 5.06 amps
Peak reflected load current in 1.2 amps

collector of each transistor

Output voltage (across each 25 0 resis%or) 26 V rms
Distortion of phase A-B 4,0 %
Total power output 81 watts
Power input 105 watts
Efficiency 77.1%

Power Switches - Darlington versus Transistor/Driver

The power switch used in this initial breadboard is shown in
Figure 1. With this Darlington switch and approximately 2 ma
of base drive, VCE on Was never more than 1 volt with a peak
reflected load current of 2.2 amps (which occurred at 150% of

rated output power).

An analytical comparison was made between the Darlington
switch and a single transistor/integrated circuit driver
combination to determine the most efficient approach.

Typical specifications were forecasted as shown below:

Darlington Specs Transistor/Driver Specs

VCE on 1.4 volts VCE on = 0.8 volts

VBE = 2 volts VBE = 1.2 volts

IB = 2 ma IB = 50 ma

I, peak = 1.2 amp (at 100% I, peak = 1.2 amp (at 100%

rated load) rated load)



Transistor/Driver Specs
(Continued)

v for driver = +5 volts
cc

Icc = max current
drawn from

Vcc supply

~ 53.5 ma

Note in both instances:

Ic peak is considered to be the peak value of the positive
half of a sinewave.

VCE on is considered to have a constant magnitude throughout

the "ON" time.

Power losses due to switching interval are considered
negligible since rise and fall times combined are assumed

to be 2 uéec or less.

Darlington

Average power lost in each Darlington switch:

P = YBE B + Ic peak VCE on = (2)(2 x 1073) +

(1.2)(1.4) =1 0.735 watts
™

Transistor Driver

- Average power lost in each transistor/driver switch =

1/12 of total power lost in all integrated circuit drivers
including the.common 5 volt driver power supply and all
single trahsistor switches,



‘ : . i +
Pan. = (Vlnput DC Icc>(No of drivers on at once)

12

I, peak VCE on = (28) (53.5 x 10-3) (6) +
n 12

(1.2)(0.8) = 1.05 watts
"

Calculation of Transistor Collector Losses in the ON Condition

1p SIN
Ie
0 —— >
TIME
Ve
Yee,,
o >
TIME
27 n
Piost o f ic Vo d& > pr sin Vg - dx
(0] [~}
i1}
Is Vee on [—cosx] = 15 VeE on
27 2\
(o]




Transformer Design

According to the latest Magnetics Inc. data on Supermendur

material:

Bm minimum @ 25°C = 19K Gauss
Br minimum @ 25°C ~ (0.9) Bm minimum = 17.1K Gauss
Br minimum @ 165°C = (.955) Br minimum @ 25°C = 16.1K Gauss

Using 45% of 16,1K Gauss as the maximum permissible operating
flux density Bx:

B, = (.45) (16.1K) = 7.25K Gauss .

The maximum primary voltage E, which can be transformed to
the secondary was assumed to be 21 volts. (Subsequent data
indicates this to be a safe conservative estimate). This
voltage, and the desired max flux density Bx determine the

necessary number of primary turns N

l.
N, = E_(10°
4 B FA
X
Where F = 400 cps
A = area of core in sq.cm. = 0,686
N1 = 264 turns

The secondary turns were determined from a combination of
calculations, estimations and data obtained from a first

attempt.

Operation of Voltage Requlator (Figqure 5)

This circuit is similar to the one in Figure 1B with the
exception that the lab supplies have been replaced by actual
sensing circuits and a differential comparator amplifier.

This modification will be made in a future reporting period.
This circuit operates in the following way: the voltage sense
signal from the 3 @ output is compared to a voltage reference
zener and an amplified error signal appears at the output of



the differential amplifier. This analog voltage is fed into

Nl and the output of Nl

duty cycle modulated pulse train which passes through the AND

is a constant frequency (4.8 KC)

gate and operates the series power switch. 1If an overload
current is sensed, the Schmitt trigger fires and simultaneously
sets the RS flip flop and activates the one-shot N,. With

the RS flip flop in a set condition and AND gate inhibits

the modulated pulse train, thus shutting off the regulator.
However, the RS flip flop is automatically reset when the
one-shot returns to its normal state, thus enabling the AND
gate to once again pass the pulse traih and the regulator

provides an output voltage again.

The one-shot Nl which performs the function of an analog to
variable duty cycle converter is at present built with discrete
components but it is felt that with a minor lead pattern

change a standard SN1005 can be used. Figure 6 shows the
circuit of the SN1005 as it will be after modification and

the external diodes and capacitor and resistor which will be

necessary. During the "OFF" interval (i.e. when Q1 is "ON")

the capacitor Cl charges up to Vcc—Vk through Dl' When Ql is
forced "OFF" C1 charges toward Vcc from an initial charge of
-'(Vcc - Vx) as shown in Figure 7.

Obviously the "ON" time can be varied from almost 0 to 100%

duty cycle as Vk varies from VCc to 0 respectively.

The Schmitt trigger shown in block form in Figure 5 is shown

in schematic form in Figure 8. It uses + 3.5 volts as do all
the circuits used in the switching regulator with the exception
of the modified one-shot Nl' It is also anticipated that the
differential amplifier, although not yet designed, will use a
voltage other than 3.5 volts.



E.

At present the series switch is made of two TIXP07 in a
Darlington configuration which have been selected for good

current gain and saturation voltage at 8 amps.

The output filter at present uses a 500 pf, 50 volt capacitor

and an 800 ph iron core choke. Maximum ripple observed with

a resistive load has been only 7 mv, despite the fact that

the inductance is not large enough to maintain éurrent flowing
through it under conditions of low duty cycle operation.

Tests with the breadboard inverter ind}cate that the switching

regulator must be capable of:

Line Supply Regulator Output ;nZErgﬁfngggd
Ein Eout Iout
Avg. Volts Avg. Volts Avg. Amps
28 20.8 5.06 100
25 23.2 7.61 150
30 16 0.26 0
Filter

Filter components were calculated on the basis of a second

order two element filter as shown in Figure 9A,

In a three-phase system, two inductors are in series with any
phase load. Also, the capacitor across any phase has in

parallel with it the series combination of the other two-phase
capacitor. For this reason the filter components are altered

from the calculated value as indicated in Figure 9B.



F. Waveform Analysis
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FVPED 289690, 2N3US/
N-P-N MULTIELEMENT EPITAXIAL PLANAR SILICON POWER TRANSISTQRS-
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Ve« - “. s

PUBNPYE ST THY PRDE PP g
S .. RS aly

JPETTTRY :

TWO TRIODES AND COMMUTATING DIODE
IN MONOLITHIC DARLINGTON CONFIGURATION

e Very-High Gain — 1000 min at 5a
e High-Speed Switching — 0.5 ;,sec max t..

¢ device schematic .

‘ Collector
o Base 1
f N E ' 1) s
; Base 2
. o 4
Emitter

*mechanical data

ALL LEADS INSULATED FROM CASE

2108 may
D wore
iy
4 wany

4 nacty

+ DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED

*absolute maximum ratings at 25°C case temperature (unless otherwise no'ed)'

Collector-Base-1 Voltage . . . . e e e e e e e e e e e e
Collector-Emitter Voltoge (See Note l) C ot e e e e e e e e e e

. Emitter-Base-1 Yoltage . . . . . . . .0 o o 0 0 0 0 e s e e
Collector Current . , . e e e e e e e e e e e e
Commutating-Diods Current (See No'e 2) e e e e e e e e e e e e
Base-1 Current . .« .« 4 4 v v e e e e e e e e e
Base-2 Terminal Current . .

¢ Continuous Device Dissipation at (or below) 25°C Cose Temperoture (See Note 3)
Continvous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4)
Operating Case Temperature Range . . . . + . . + « + « « « o« o+ &
Storage Temperature Range , . . . e e e e e e e e e
Lead Temperature X Inch from Case for 10 Seconds . . . . . . 4 . 4 e

NOVES: 1. This valve oppiles when beth base terminals ere open clrevited.
1. This spplies te the totel <ollector-terminal current whon the collecter It @) negstive potential with respect to the emiter,
3. Derate fineatly te 200°C cose lamperuture ot the rate of 143 mw/C®.
4. Dorots linsarly te 200°C trae-uir temperature ut the rete of S.70 mw/C®,

O *Indicates JEDEC rogistered duts,
‘ -

iNJBab 2N3837

80v 100 v
60v 80v
14v
7a
-2
01la
la
25w
Tw
~55°C to +200°C
~55°C to +200°C
<— 260°C —>

TTT_TTTT
22T,

AEBENT '9E8ENTZ SIJAL

€961 HOUVW '62£259 $-10 "ON NUITINS

S i e o e ey

gREL‘IMINARY DATA SH&E;’: :
upplementary dats will be
published ot y. tater date. @ TEX'/:SC l?: E;"!;‘i‘li ':,AEPTS .

SEMICONDUCTOR-COMPONENTS DIVISION
POBT OFFICK SOX 9018 @ DALLAS 22, TEXAD
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TYPES 2N3836, 2N3837

N-P:N MULTIELEMENT EPITAXIAL PLANAR SILICON POWER TRANSISTORS

P

o e e e g e

1 g 7 e+ g e e e e e

B L U,

] NI ¥ v W < 23k WA YIS o Ta S St

}

DA I b i, ok (OIS PPII N Y v v i s o2 08, S, i3 a2 (A st TS 5 el

y *electrical charactoristics ot 25°C case temperature (unless otherwise noted)
2N3836 2N3837 T
PARAMETER TEST CONDITIONS MIN_ MAX |MIN_ MAX UN
Yimjcro  Collector-Emitter 1c=30ma, Ip=1,=0, See Note § 60 80 ¥
! Breakdown Voltage
icro Collector Cutolt Vee=350v, In=ly=0 10 10 | po
Current
Vc5=80 v, V..,E=Vu_5=0 10
lces Collector Cutoff Vee=100v, Vui.e=Vire=0 10 po
: Current Ver=B80v, Vpe=Vye=0, Tc=150°C 500
VCE=]0° Y, V.,.E=V".g‘=0, Ic= 150°C 500
] |5||° Emitter Cutoff Ve = 14 vy, 'c=0, lgp= 0, ] 1 pa
; : Current
VCE=2 v, |c=50 mo, 'n=0, 1000 1000
See Note §
ey Static Ferward Vee=12v, 1c=20, 1n=0, 2000 20,000 | 2000 20,000
Current Transfer See Note 5
Ratio Vee=4v, lc=5a, = Ip=0, 1000 1000
Sea Note §
Vee=1v, Ic=12gq, 1y, =0, 500 500
Tc=-55°C, See Hote 5 -
ln=2mo, |c=20, I":O, 1.2 1 1.2 2
Vors Base-1 — Emitter Ses Note 5 v
Voltage ln=10mg, lc=5q, I =0, 2.6 2.6
See Note §
Im=2ma, lc=12aq, 1y =0, 1.4 14
Verwan  Collector-Emitter See Nate § v
v . Soturction Yolings Iy =10ma, lc=5a, =0 18 18
1 See Nots §
, Vect Commutating-Diode le==20, In=1)=0 15 1.5 v
! Forward Yoltoge _
{heel Small-Signal Cemmon- Yee=10v, lc=Va, ls2 =0, 2 2
Emitter Forward =20 Mc
, Current Transfer Ratlo
Cobio Common-Base-1 Yeu=10v, =0, In=0, 60 60 p!
Open-Circult Output =100 ke
Capacitancs
Cobto Common-Base-2 Vep:=10v, 1=0, ln=0, 200 200 pt
Open-Circuit Quiput £=100 ke
Copacitance
NOTE 5. Thete porometers must be measured welng peise tachniques. PW =300 msec, Duly Cycle < W,
*Indicotes JEDEC rogistored date.

e ——— St o S =11 e g -

o e s i e 7 g o e e % g b3

< e = g = T

°n TEXAS INSTRUMENTS
INCORPORATED

BEMICONDUCTOR.COMPONENTE DIVISION

POST OFPICE BOX BOI2 @ DALLAES 22 YEXAS
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TYPES 2N3836, 2N3837 .
N-P-N MULTIELEMENT EPITAXIAL PLANAR SILICON POWER TRANSISTORS
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*switching charactoristics at 25°C case temperature
PARAMETER TEST CONDITIONSt MIN MAX | UNIT
ton Turn-On Time Ic =10, Inpy = 4ma, Ipp) = —ma, 0.5 -
L]
Tort Turn-0ft Time Yooy = =107, B = 14 1, Ses Figure 1 11y
1Vaitage ond curront valver shewn ore neminal; exect velves vory siightly with trensister paremetors,
*PARAMETER MEASUREMENT INFORMATION
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FIGURE 1
NOTES: s, The Input wavelorm is supplied by u gensrater wiih the feltewiag cheradterbstles 1, S e, 1y < Wmane, T,y = 150000,

MW= $ e, Dty Cycle < 2%,
b, Warsterms are moniierad en en escitioscope with the fellewing charecteristics: 4, < 1Smee, R, > V0N, G, < NS

. Resistors must bo noninductive typm,
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TVPE TiIXP07
P-N-P EPITAXIAL PLANAR SitiCON POWER TRANSISTOR

HIGH-VOLTAGE, HIGH-FREQUENCY POWER TRANSISTOR
Recommended for Complementary Use With 2N1722
50 Waits at 100°C Case Temperature

L]

o Maximum reg) of 0.25 Ohm at 5 Amperes ¢

Maximum Vg of 1.5 Volts at 5 Amperes ¢ ,

Minimum fy of 10 Megacycles

mechanical data

THE COLLECTOR 1S IN ELECTRICAL CONTACT WITH THE (ASE

Atl JEDEC TO-53

r‘ i -~ . DIMENSIONS AND
AR ARE /_.:m. 1A 4 HOUES: 03y NOTES ARE
L e APPLICABLE.
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ALL DIMENSIONS ARE N TNCHES

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

Collector-Base Voltage . . . . . . . . . . . . « .« . . .« 4 v v v v o« . =100V
Collector-Emitter Voltage (See Note 1) . . . . . . . . . « « . « v v v v « .+ . =8B0v
Emitter-Bose Voltoge . . . . . . . . . . . . . . . . . . . . . .. .. =-8v
Continvous Collector Current . . . . . . . . . . . . . . . v v v v v . . =150
Continuous Base Current . . . . . . . . . . . . . . o v s e e e sy =
Continuous Safe Operaling Region C . . e . . . . . . . . . v « . . .See Figure 2
Continuous Device Dissipation ot 100°C Case Temperature (See Note 2) . . . . . . . . . 50w
Continuous Device Dissipation ot 25°C Free-Air Tempercture (See Note 3) . . . . . . . . 3w
Operating Cos¢ Temperature Range . . . . . . . . . . . . . . ., . =65°Cto +175°C
Storage Temperature Range . . . . . . . . . . . . . . . . . . . —65°Cto +200°C
Lead Temperature "¢ Inch from Case for 10 Seconds . . . . . . . . . ., . . . . . 260°C

NOTES: 1. This value npplies when base-emitter diode is open cirquited
2. Derate lincarly Yo 175°C cose temperature gt the rate of 0 67 w/(°.
3. Derote linearly to 175°C free oir taraperature of the rote of 20 mw /(%
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PRELIMINARY DATA SHEELT:
Supplementary data will be
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PLanAR SiLiCON POWER TRANSISTOR

‘electrical characteristics at 25°C case temperature (unless otherwise noted)

—_PARAMETER TEST_CONDITIONS MIN_MAX | UNIT
Viseiceo Collector-T.nitter Breakdown Vollage le = ~200mo, 1g = 0, See Note 4 ~80 v
lceo  Collector Cutoff Current Vee = ~50v, Iz=0 -5 na
Vee = —100y, Vg 0 .l
lees Collector Cutoff Current T T, S ) PTTLT 100 1o
liso  Emitter Cutolf Current Veg = =7 v, le =0 0.1 pa
Vee = =5, e = =100 mo, See Notes 4 ond 5 20
hee Saric Forward Current Veg = =5, lc = -4, See Notes 4 and § 10 90
Transter Rotio Vee = =5, le = ~20, Tc = —55°C, Sce Notesdand 5 | 12
Veg = =5, lc = =5aq, See Notes 4 and § 20
. Vee = =5, le = =24, See Notes 4 ond 5 ~1.2
v Base- ! \J
e Bose-Emitter Volioge ls = ~500ma, lc = —5a,  See Nolesd and 5 s
, . b = =200mo, lc = ~24q, See Nbdtes 4 and 5 -0.5
Ve llector- 1 : v
cesary  Collector-Emitter Safurotion Voltage s = —500m le = 5o, Sos Notos 4 omd 5 N
hee, - Small-Signa! Common-Emitter Vee = 15y, I = =500ma, f=5Mc 2
Torword Current Tronsfer Rotio
Cobs  Common-Base Open-Circuit Voo =15y, lg=0, f= 1M 400 pt
Output Capacitance
thermal characteristics
o ... PARAMETER T T o [MAXTuUNIT
Osc  Junction-to-Case Thermal Resistonce. . . —_ RER WA
1.4 Junction-fo-Free-Air Thermal Resistance L e B 50 | C°/w

NOTES: 4. These parometers must be measured using pulse techniques. PW == 300 usec, Doty Cyde < 1%,

5. These porometers are measured with voltoge-sensing contacts located 0.25 in. from the header of the transistor. Yoltoge-tensing contacts ore separate from current-

cotrying contacts,

THERMAL INFORMATION

SAFE OPERATING REGION

CASE TEMPERATURE

DISSIPATION DIRATING CURVE

MAXIMUM SAFE CONTINUQUS OPERATING REGION
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